introduction
With improvement in the prevention and treatment of infectious diseases, as well as the sanitary and socioeconomic conditions of the population, there has been an increase in life expectancy and, as a result, cardiovascular diseases and cancer have become leading causes of death. [1] [2] [3] [4] Cancer is among the leading causes of morbidity and mortality worldwide, with approximately 14 million new cases and 8.2 million of deaths related to the disease in 2012. There will be an estimated increase of 70% in new cases of cancer over the next two decades, and the greatest effect will be focused on low and middle-income countries. 5 In Brazil, the estimate for the year 2014/2015 indicates the occurrence of 576,000 new cases of cancer. 2 In addition to the increased number of new cases of cancer, progress in the treatment and early diagnosis of the disease has resulted in a considerable increase in the survival of such patients. In the United States, there was a 20% reduction in mortality caused by cancer between 1991 and 2010. 6 The increased survival rate in cancer patients has pushed this population to suffer morbidity and mortality caused by other conditions, such as cardiovascular disease.
A patient diagnosed with cancer who undergoes treatment (chemotherapy, radiotherapy or surgery) acquires a potential risk towards the deterioration of their cardiovascular health. 1, 3, 4, [7] [8] [9] [10] There is an association between cardiovascular risk factors specific to the individual plus the aggravating factor acquired from the cancer's pathophysiology and the side effects of oncological treatments. In this context, cardiotoxicity is defined as the effects of external agents (chemical or physical) that negatively interfere with the heart, causing structural, electrical, and functional changes to the myocardium. 11 Cancer survivors with some evidence of cardiotoxicity present a mortality rate that is on average eight times higher than that of the general population. The main symptoms include: heart failure (15 times higher); myocardial ischemia (ten times higher); central thromboembolic events such as cerebrovascular accident (nine times higher) and peripheral events such as deep venous thrombosis and pulmonary thromboembolism (4 to 6 times higher). It has been noted that the main events occur due to the association of risks for atherosclerotic disease with higher incidence of thrombogenicity, coagulopathy and thrombocytopenia. 7, [12] [13] [14] [15] [16] [17] Other manifestations of cardiotoxicity related to cancer treatment include valve changes, arrhythmias (atrial fibrillation and prolonged QTc being the most frequent), hypertension, and pericarditis. 7, 18, 19 Cardiotoxicity related to cancer treatment may become manifest at any time, with reports of it occurring within 45 years or more after the end of treatment. 11, 20, 21 Theoretically, any chemotherapy has the potential to cause toxicity. 7 The main chemotherapeutic agents that present cardiotoxicity include anthracyclines (such as doxorubicin, epirubicin, and idarubicin), alkylating agents (cyclophosphamide and ifosfamide), antimicrotubule agents (such as paclitaxel and docetaxel), monoclonal antibodies (such as trastuzumab, bevacizumab), and tyrosine kinase inhibitor (such as sunitinib). 7 So, in theory, every patient undergoing cancer treatment may develop some degree of cardiovascular damage, regardless of the chosen treatment, which could be compounded by their individual cardiovascular risk factors.
The Brazilian Societies of Cardiology and Oncology have established a Guideline for maintaining periodic monitoring of cardiotoxicity during infusion cycles as an essential strategy for preventing severe and irreversible myocardial damage. As such, continued monitoring of clinical manifestations (such as the assessment of nonspecific symptoms like tiredness, fatigue, and functional limitation for everyday activities) is necessary. 7, 22, 23 It is recommendable to take the medical history, perform a physical examination and additional cardiovascular examinations (12-lead electrocardiogram at rest and baseline assessment of left ventricular function using echocardiography, scintigraphy or radionuclide ventriculography via cardiac catheterization) at the beginning of treatment and then every 3, 6 or 12 months, depending on the chemotherapy used and the individual cardiovascular risk factors of the cancer patients. 7, 24 The main objective of our research was to analyze the cost of care for cardiovascular diseases in users of a health insurance provider after the diagnosis of any type of cancer, through the analytical internal audit of the medical/ hospital accounts. The secondary objective was to compare our results with data from the scientific literature and to establish hypotheses justifying the use of cardiovascular care in cancer survivors.
Method
A retrospective, cross-sectional, observational study with a qualitative and quantitative strategy was conducted using the data obtained through the internal audit system of a self-governing health insurance provider (OPS) located in southern Brazil, in the period covering January 2012 to March 2015 (38 full months). This health insurance provider is a part of the Brazilian supplementary health sector in accordance with the current regulations issued by the National Supplementary Health Agency (ANS). 25 Two copies of the agreement for the use of data for research (TCUD) were signed by the research team and the health insurance provider whose data was analyzed in this study, as provided for international research documents and the National Health Council resolution 466/12.
In our study, there was only access to epidemiological data such as gender, age group, and the International Classification of Diseases and Related Health Problems (also known as ICD-10), as well as to health care costs. 26 Our data was collected from computerized reports that are part of the internal audit services and billing of accounts at the health insurance provider. Any data that could identify patients was excluded from the research.
Sample size was defined as the number of accounts initially recorded in the internal audit system as patients with diseases classified under chapter II of the ICD-10 (Neoplasms [tumors] -C00 to D48) who subsequently presented used health care services related to circulatory system diseases (CSD) (classified in chapter IX -I00 to I99). 26 The estimated sampling error value in this study was E≤0.05 and the total population of users of the health insurance provider analyzed was 77,666 users, with a sample size of 860 accounts. This value was considered representative of the total population, referring to a confidence interval of 96% (calculated using the formula n=[N x nº]/[N+nº] and nº=1/(E) 2 , where N is the variable eligible for auditing, E is the tolerable sampling error, nº is the first approximation of the sample size that should be analyzed, and n is the final size of the sample to be analyzed).
This analysis excluded the accounts that did not meet both inclusion criteria, that is, being initially registered under ICD-10 code of oncological origin (C00 to D48) and subsequent use of healthcare services related to CID 10 "I". Skin neoplasms were also excluded from the sample because treatment for such is usually surgical and curative, and do not interfere with the patient's cardiovascular risks.
To analyze the economic impact of the use of cardiovascular care services by cancer survivors, the total direct costs were compared in the 860 accounts selected. The following absolute costs were accounted for:
• Elective medical consultations.
• Emergency consultations at the chest pain unit (UDT).
• Hospitalizations (with clinical, hemodynamic and/ or surgical care).
• Supplementary examinations, for example, electrocardiogram, chest X-ray, exercise stress test, cardiopulmonary exercise test, transthoracic echocardiography, echocardiography under physical or pharmacological stress, transesophageal echocardiography, Doppler ultrasound of vessels, ambulatory blood pressure monitoring (ABPM), portable monitoring of cardiac electrical activity (HOLTER), myocardial scintigraphy at rest and under physical or pharmacological stress, chest tomography, angiography of vessels, electrophysiological study, and pulmonary artery catheterization (PAC).
Each account represented the direct costs of a patient in a specific health care modality (elective consultation, emergency care, supplementary examinations or admissions). The costs were recorded in national currency (the Brazilian Real -BRL) at the time of the study, according to the values established by the health insurance provider, which are in accordance with the ANS legislation. 25 The absolute data (non-itemized direct total costs) were made available through the accounting reports provided by the internal audit program and analysis of medical/hospital accounts. Indirect costs will be analyzed in a subsequent study.
Qualitative data (gender, age, and ICD-10) were described using frequencies and percentages. Quantitative data from the costs were described using maximums, minimums, arithmetic means, standard deviations (SD) and 95% confidence intervals (95CI) with significance at p<0.05. The data was tabulated and analyzed using spreadsheets and graphs ( Table 1 .
Specifically analyzing the two groups presenting higher costs (supplementary examinations and hospitalizations), we can see that ten different types of examination were requested: 42% ultrasound (including transthoracic echocardiography, echocardiography under physical or pharmacological stress, transesophageal echocardiography, and Doppler ultrasound of vessels), 18% exercise stress test, 14% electrocardiogram, 8% scintigraphy, 7% ABPM, 4% radiography, 3% HOLTER, 2% tomography and angiography, 1% cardiopulmonary exercise test, and less than 1% for CAT. Note that 74% of the requested examinations corresponded to three categories: ultrasound, stress testing, and electrocardiography. Eighty-four percent (84%) of the requests included only one supplementary examination, 12% in- 
discussion
The development of new health technologies, innovations in treatment and early diagnosis have contributed to increasing the survival rate of cancer patients. At the same time, many cancer survivors ended up being affected by other chronic diseases, including those of cardiovascular origin. Studies have demonstrated the existence of a correlation between the risk factors for cancer and cardio-neural-vascular diseases, mainly regarding lifestyle, such as smoking, physical inactivity, obesity and diet, and more. Furthermore, it is known that chemotherapy and radiotherapy contribute to the development and/or acceleration of the pathophysiology of cardiovascular disease. [7] [8] [9] [10] 27 Therefore, cardiovascular events in cancer survivors are related not only to the specific cardiotoxicity of the cancer treatment but also the risk factors attributed to longevity, lifestyle and nutrition, which are intensified by the pathophysiology of the cancer itself.
The result of this research has shown that consultations and supplementary examinations are the main cardiovascular care services accessed by users that are cancer survivors, totaling 88% of the accounts analyzed. This confirms the hypothesis that these users frequently start using care in other specialties, such as cardiology, in the case of our study.
Performing cardiovascular examinations in the routine monitoring of patients treated for cancer is a conduct supported by the national and international literature, bringing benefits for early diagnosis of cardiovascular events in cancer survivors. 7, 28 The main objective of conducting periodic consultations for cardiovascular monitoring is early diagnosis (through medical history, physical examination, and supplementary examinations), as well as providing educational guidance for cancer survivors in order to reduce the risk of developing heart diseases; this includes lifestyle advice, avoiding addictions such as cigarettes and alcohol, and encouraging weight loss and regular physical activity. 7, 28 This guidance has a positive effect not only on cardiovascular risk factors but also on the quality of life of cancer survivors.
We noted that 74% of the supplementary examinations requested were aimed at screening of cardiovascular diseases (ultrasound, stress test, and electrocardiogram). These supplementary examinations are easy to perform, have a lower cost, and are considered effective for monitoring cardiovascular events. 1, 7, 29 The prevention of cardiovascular events has already been defined in the literature as being effective and economically viable, as it reduces the costs of acute events such as heart attacks, cerebrovascular accidents, heart failure or arrhythmias. 30 This set of measures aims to reduce the risk of morbidity and mortality and improve the quality of life of cancer patients, without interfering with the specific cancer treatment, where possible. 7 In this sample, it has been shown that only 2% of the charges were related to hospitalization and accounted for 51% of the total cost of the sample analyzed. It is assumed that the monitoring of cancer survivors is a fundamentally important strategy to reduce costs for the health system and improving the user's life. In this case, the implementation of management programs for chronic cases and/or management of patients by diseases or specialties is recommended, focused on prevention and education for self-care. [31] [32] [33] As such, cancer survivors need overall monitoring of their health by a multidisciplinary team, and not only by their oncologist.
The prevalence of three types of cancer was noted in this study, including breast (37%), prostate (15%), and colon (9%) cancer, consistent with the epidemiological profile found in the Brazilian population. 2 There was a predominance of breast in relation to prostate neoplasms, because most of the accounts belonged to female users (73%). The distribution of cardiovascular care costs according to the type of neoplasm was very similar. The highest frequency of use was related to consultations and supplementary examinations and the highest cost was that of hospitalizations (ranging from 52 to 69% of the total cost), regardless of the type of cancer. When analyzing the average cost per account among the three most common neoplasms, we found that cardiovascular care spending was higher in prostate cancer (BRL 435,42) compared to colon and breast cancer (BRL 336.90 and BRL 308.42, respectively). This result is justified if we consider that the average age of users who survived prostate cancer (70.49) was higher than that of the other neoplasms (66.16 and 62.10, respectively). There was, therefore, a greater need for use of cardiology care. [31] [32] [33] A higher average cost per account was expected in breast neoplasms, considering that these users normally undergo treatment using radiotherapy and chemotherapy with known cardiotoxicity, such as doxorubicin and traztuzumab. 7, 28 However, the average cost per account in breast neoplasms was lower than that of prostate and colon cancer. We assumed the factors of age and user monitoring time may have influenced this result. Another reason is that complications of cardiovascular origin related specifically to the cancer treatment do not require high-cost interventions. For example, echocardiography is a simple, low-cost examination and, in most cases, sufficient for the detection of cardiotoxicity related to chemotherapy, without the need for additional examinations or high-cost procedures. 7, 28 One of the limitations of our study is that the selection of the accounts was performed based on the ICD provided by the attending physician, which may result in mismatches in the classification. Increased monitoring time and a greater number of cancer survivor accounts is recommended for a more detailed analysis of the costs in the use of cardiology care, especially in high-cost procedures. An analysis of cardiovascular care according to the type of treatment (chemotherapy and radiotherapy protocols, for example) is also deemed necessary. We were not able to identify users with preexisting cardiovascular disease upon diagnosis of cancer, which may result in a sample selection bias. Time between the use of cardiology care and the end of cancer treatment could not be identified, either. Finally, the need for a control group was identified in order to be able to compare and quantify the use of cardiology care in the cancer survivor group, which will be conducted in the future by our research team.
conclusion
Analysis of the medical and hospital accounts of the users of a health insurance provider previously submitted to any cancer treatment enabled us to identify that this group of patients also uses health care in the cardiology area. The main health care services used are consultations and supplementary examinations aimed at the prevention of cardiovascular diseases. Hospital admissions for complications of cardiovascular origin, although uncommon, represent an important care cost for the health insurance provider. Therefore, it is essential for the management of chronic cases to include patients who have undergone some form of cancer treatment, encouraging self-care and the prevention of cardiovascular diseases in order to reduce costs for the health insurance provider and improve the quality of health care.
resuMo
Análise dos custos e da qualidade da assistência cardiovascular no seguimento oncológico Objetivo: analisar os custos assistenciais com afecções cardiovasculares utilizados por usuários sobreviventes do câncer de uma operadora de saúde suplementar na região Sul do Brasil. Método: foi desenvolvido um estudo observacional, transversal, retrospectivo, com estratégia quali-quantitativa, através de atividade de auditoria interna analítica de contas médico-hospitalares. Resultados: foram analisadas 860 contas, de 2012 a 2015, com 73% de usuários femininos e uma média etária de 62,38 anos, somando um custo total direto de R$ 241.103,72. Houve predomínio de 37% de neoplasias de mamas, 15% de próstata e 9% de cólon. Com relação à assistência cardiovascular, 44% foram consultas, 44% foram exames complementares, 10% foram atendimentos de emergência e 3% foram hospitalizações. Os custos em assistência cardiovascular foram maiores nas hospitalizações (51%), seguidos pelos exames complementares (37%), pelas consultas (8%) e pelos atendimentos emergenciais (4%). Conclusão: os sobreviventes de câncer habitualmente utilizam a assistência à saúde em outras especialidades, como a cardiologia, e o principal custo é em hospitalização. Recomenda-se investir em prevenção (consultas e exames), assim como em programas de gestão de casos crônicos para reduzir os custos e melhorar a qualidade da assistência à saúde.
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